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Background: Severe o,-antitrypsin deficiency is a known genetic risk factor for COPD. Heterozy-
gous (protease inhibitor [PI] MZ) individuals have moderately reduced serum levels of o, -antitrypsin,
but whether they have an increased risk of COPD is uncertain.
Methods: We compared PI MZ and PI MM individuals in two large populations: a case-control
study from Norway (n=1,669) and a multicenter family-based study from Europe and North
America (n=2,707). We sought to determine whether PI MZ was associated with the specific
COPD-related phenotypes of lung function and quantitative CT scan measurements of emphy-
sema and airway disease.
Results: PI MZ was associated with a 3.5% lower FEV /FVC ratio in the case-control study
(P =.035) and 3.9% lower FEV /vital capacity (VC) ratio in the family study (P =.009). In the case-
control study, PI MZ also was associated with 3.7% more emphysema on quantitative analysis of
chest CT scans (P =.003). The emphysema result was not replicated in the family study. PI MZ
was not associated with airway wall thickness or COPD status in either population. Among sub-
jects with low smoking exposure (<20 pack-years), PI MZ individuals had more severe emphy-
sema on chest CT scan than PI MM individuals in both studies.
Conclusions: Compared with PI MM individuals, PI MZ heterozygotes had lower FEV /(F)VC
ratio in two independent studies. Our results suggest that PI MZ individuals may be slightly more
susceptible to the development of airflow obstruction than PI MM individuals.
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Abbreviations: AAT = o -antitrypsin; BD = bronchodilator; FEV /(F)VC = FEV/FVC or FEV /vital capacity ratios;
HU = Hounsfield units; ICGN = International COPD Genetics Network; %LAA950 = percent low attenuation areas
<-950 Hounsfield units; PI = protease inhibitor; SRWA-Pil0 = square root of wall area at internal perimeter of 10 mm;
VC = vital capacity

Severe a,-antitrypsin (AAT) deficiency is a known and the deficient variants S (2%-3%) and Z (1%-2%).*

genetic risk factor for COPD,! but severe defi-
ciency only accounts for about 1% to 2% of all COPD
cases.2 AAT is a protease inhibitor (PI) encoded by
the SERPINAL locus on chromosome 14q32.1. The
main function of AAT is to protect the lung tissue
against proteolytic stress, primarily by inactiva-
tion of the enzyme neutrophil elastase.®> More than
100 alleles at the PI locus have been described, most
of them quite rare. The most common alleles are
the normal M allele (> 95% frequency worldwide)
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Severe AAT-deficiency is usually caused by a P1ZZ
or ZNull genotype; these individuals have a markedly
increased risk of COPD, especially if they smoke
cigarettes.

The serum levels of AAT in PI MZ heterozygous
individuals are usually lower than in PI MM individu-
als,> but whether PI MZ individuals have an increased
risk of COPD remains controversial. Increased COPD
risk in this group may have public health implica-
tions because there are millions of PI MZ individuals
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worldwide.* The PI MZ genotype is relatively com-
mon compared with the severe-deficiency genotypes,
and even a small increase in risk may account for a
significant number of COPD cases in the population
at large.

Many studies have addressed the risk of lung func-
tion reduction and COPD in PI MZ individuals, but
the results have not been consistent. A metaanalysis by
Hersh and colleagues® examined the risk of COPD in
PI MZ heterozygotes. An increased risk of COPD in
PI MZ vs PI MM was found in studies of COPD status,
with a combined OR of 2.3 (95% CI, 1.6-3.4). How-
ever, there was no difference in mean FEV, between
PI MZ and PI MM individuals when combining the
results from population-based studies. Many of the
previous studies have been limited by small sample
sizes, varying phenotype definitions, or failure to adjust
for smoking.

We hypothesized that investigating two large, well-
characterized populations of current and ex-smokers—a
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case-control study and a multicenter family-based
study—would enable us to address the question of
PI MZ risk in more detail. In addition to examining
risk of COPD, we sought to determine whether PI MZ
was associated with the specific COPD-related phe-
notypes of lung function and quantitative CT scan
measurements of emphysema and airway disease.
To investigate the effect of smoking exposure level,
we stratified the analysis into low- (<20 pack-years)
and high- (=20 pack-years) exposure groups.

MATERIALS AND METHODS

Study Populations

The case-control study was performed at Haukeland University
Hospital (Bergen, Norway). Case and control subjects were whites
aged =40 years and current or ex-smokers of =2.5 pack-years.
Case subjects had COPD with a post-bronchodilator (BD)
FEV/FVC ratio <0.7 and FEV, <80% predicted.” Control sub-
jects had normal spirometry (post-BD FEV /FVC, =0.7; FEV,
=80% predicted).

The family-based International COPD Genetics Network
(ICGN) study included participants from 10 study centers in
Europe and North America.®9 COPD probands were aged 45 to
65 years with a smoking history of =5 pack-years and had at least
one sibling who had smoked =5 pack-years. Of the 1,723 relatives
included, 51 were parents and 1,672 were siblings of their respec-
tive probands. Probands were required to have a post-BD FEV,
<60% predicted and FEV Avital capacity (VC) ratio <90% pre-
dicted.! The highest value of slow VC or FVC was used as a mea-
sure of VC because FVC may underestimate VC in some subjects
with COPD. This ratio, therefore, is referred to as FEV/VC in
ICGN. FEV/(F)VC refers to either FEV /FVC or FEV /VC ratios.

In each study population, information was collected specifically
for the study. Subjects completed questionnaires on smoking his-
tory and respiratory disease as well as spirometry pre- and post-BD.
In both studies, AAT phenotypes were determined by isoelectric
focusing. In the present analysis, only subjects with PI type M
(genotype PI MM in the vast majority of cases, and referred to
as PI MM herein) or PI MZ are included. Subjects with severe
AAT deficiency (eg, P1 ZZ) were excluded from both studies.

Written informed consent was obtained from all participants,
and the studies were approved by the respective institutional
review boards (Norway case-control study, Partners Healthcare
IRB Protocol Number 2009-P-000790; ICGN study, Partners
Healthcare IRB Protocol Number 1999-P-011133). The Regional
Committee for Medical Research Ethics (REK Vest), the Norwe-
gian Data Inspectorate, and the Norwegian Department of Health
approved the case-control study. Additional details on the study
populations can be found in e-Appendix.

Chest CT Scans

High-resolution CT scans of the chest were performed in a
subset of both populations. In the Norway case-control study,
the subset that had chest CT scans comprised approximately the
first one-half of the recruited subjects.! Unless a previously
obtained chest CT scan was available, all probands, as well as
their siblings with a > 5 pack-year smoking history, were invited
for chest CT scans in the ICGN study.® In the Norway study, a
GE LightSpeed Ultra CT scanner (Buckinghamshire, England)
(1-mm slice thickness at 20-mm intervals; 120 kVp; 200 mA) was
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used for all CT scans.!! In ICGN, different CT scanners were
used across centers, but the CT scanning protocol was uniform
with the Norway study.®

Quantitative CT scan measurements of emphysema and airway
dimensions have proven to be helpful in characterizing the dif-
ferent aspects of parenchymal and airway disease in smokers.!2
Quantitative assessment of emphysema was performed using
density mask analysis with a threshold of -950 Hounsfield units
(HU) to determine the percentage of lung voxels with a low atten-
uation area <-950 HU (%LAA950).18 Airway wall thickness was
assessed by plotting the airway lumen internal perimeter (Pi)
against the square root of wall area for airways with a Pi >6 mm
and then by using this regression to predict the square root of the
wall area at an internal perimeter of 10 mm (SRWA-Pi10).14

Statistical Analysis

Characteristics of the PI MZ and PI MM subjects were com-
pared with ¢ tests for continuous variables and x?2 tests for cate-
gorical variables. In the case-control study, genotype-phenotype
associations were assessed using linear regression models for the
lung function and CT scan outcomes and logistic regression for
COPD status. In the ICGN study, generalized estimating equa-
tions for categorical outcomes and random effects mixed linear
models for continuous outcomes were performed to adjust for
familial correlations. Family unit was included as the random
effect in the models. An exchangeable correlation structure was
assumed for the family members in the analysis of COPD status,
and variance components covariance structure was used in the
analyses of quantitative traits. Statistical analyses were performed
in Stata, version 10.0 (StataCorp; College Station, TX) and SAS,
version 9.1 (SAS Institute; Cary, NC).

RESULTS

Characteristics of Study Subjects

The characteristics of study subjects in the Norway
case-control study are shown in Table 1. A total of
834 cases subjects and 835 control subjects with
either PI MM or PI MZ were included. Forty-four
(5.3%) case subjects and 34 (4.1%) control subjects
were PI MZ (P = 244). Quantitative emphysema data

were available for 408 case subjects and 422 control
subjects, and data on airway wall thickness were
available for 387 cases and 393 control subjects. PI MZ
control subjects had smoked more than PI MM con-
trol subjects (P =.022), whereas an opposite trend
was noted among COPD case subjects (P =.089).
Among case subjects, there was a trend for lower
FEV,/FVC ratio in PI MZ than in PT MM (0.49 vs 0.52;
P=.097) (Table 1). Among control subjects, a higher
FVC percent predicted was found in PI MZ than in
PI MM (101.5% vs 98.0%; P = .044). The percentage
of emphysema using a threshold of -950 HU tended
to be higher in PI MZ case subjects than in P MM
case subjects (14.5% vs 10.9%; P = .084).

Of the 984 probands and 1,723 relatives included
in the ICGN study, 43 (4.4%) and 72 (4.2%) were
PI MZ, respectively. Quantitative emphysema data
were available for 352 probands and 492 relatives,
and data on airway wall thickness were available
for 299 probands and 415 relatives. Table 2 shows
the characteristics of probands and relatives by
PI type. PI MZ probands tended to have a lower
FEV,/VC ratio compared with PI MM probands
(0.33 vs 0.37; P =.059) (Table 2). Among relatives,
the observed differences between PI MM and PI MZ
subjects were small (not tested statistically in univari-
ate analysis because of relatedness within the groups).

Associations Between PI Type and COPD-Related
Phenotypes

We examined the associations between PI type
and COPD-related phenotypes in multivariate
models, adjusting for relevant covariates (Table 3).
COPD was defined as Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stage 2 (post-BD
FEV/FVC, <0.7; post-BD FEV,, <80% predicted)
or greater in both studies. Subjects with stage 1 (only

Table 1—Characteristics of Case and Control Subjects From the Norway Case-Control Study by Protease Inhibitor Type

Case Subjects (n = 834)

Control Subjects (n = 835)

Characteristic MM MZ P Value MM MZ P Value
Sample, No. (%) 790 (94.7) 44 (5.3) 801 (95.9) 344.1)
Male, % 60.3 65.9 ns* 49.7 41.2 ns
Age,y 65.4+10.2 64.5+95 ns 55.5*+9.6 57.8+10.3 ns
Pack—y Smoking 31.8*+18.1 27.1*15.7 .089 18.7+13.3 24.1+10.2 .022
Post-BD spirometry

FEV, % predicted 51.3*x17.3 48.7*x18.0 ns 95.1x9.1 97.3£8.7 ns

FVC % predicted 785+ 164 79.6+174 ns 98.0+9.8 101.5+10.1 .044

FEV/FVC ratio 0.52+0.13 0.49+0.13 .097 0.79 = 0.04 0.78+0.03 ns
CT scan, emphysema, No. 376 32 407 15
%1.AA950 10.9+11.2 14.5+13.9 .084 1.2+23 0.8+09 ns
CT scan, airways, No. 357 30 378 15
SRWA-Pil0, cm 0.49 +0.03 0.50 +0.04 ns 0.48 +0.03 0.49 +0.04 ns

Data are presented as mean = SD, unless otherwise indicated. BD = bronchodilator; ns = not significant; %LAA950 = percent low attenuation
areas < -950 Hounsfield units; SRWA-Pil0 = square root of wall area at internal perimeter of 10 mm.

aP= .10 are not shown.
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Table 2—Characteristics of Probands and Relatives in the Multicenter ICGN Family Study

by Protease Inhibitor Type

Probands (n =984)

Relatives (n = 1,723)

Characteristic MM MZ MM MZ
Sample, No. (%) 941 (95.6) 43 (4.4) 1,651 (95.8) 72 (4.2)
Male, % 60.7 51.2 50.6 52.8
Age,y 58.3*x5.5 57.8+4.6 57.8+94 575+98
Pack-y smoking 52.5+28.9 459+22.6 39.3+25.2 33.3+20.9
Post-BD spirometry, No. 904 42 1,591 72
FEV, % predicted 35.8*+12.7 34.7+13.3 83.6 259 83.0*+27.5
FVC % predicted 73.2+20.2 78.0£25.6 101.1 £22.1 104.0 =20.7
FEV,/VC ratio 0.37+0.11 0.33+£0.12 0.64+0.14 0.62*0.15
CT scan, emphysema, No. 336 16 465 27
%1LAA950 26.2+14.9 27.0+15.8 18.6 =11.7 22.8+94
CT scan, airways, No. 288 11 395 20
SRWA-Pil0, cm 0.49 = 0.04 0.47 +0.03 0.48+0.04 0.48+0.04

Data are presented as mean = SD, unless otherwise indicated. ICGN = International COPD Genetics Network; VC = vital capacity. See Table 1

legend for expansion of other abbreviations.

present in ICGN [n = 340]) were excluded from the
analysis of COPD status. In the case-control study,
PI MZ heterozygotes did not have significantly higher
risk of COPD than PI MM individuals (OR, 1.2;
95% CI, 0.7-2.0), after adjustment for age, sex, and
pack-years. In ICGN, there was a trend for PI MZ to
be associated with increased risk of COPD (OR, 1.5;
95% CI, 0.9-2.3; P=.111).

PI MZ was a significant predictor of lower FEV,/FVC
ratio in the multivariate analysis of all case-control
subjects, after adjusting for pack-years, age, sex, and
height (Table 3). PI MZ was associated with a 3.5%
lower FEV /FVC ratio compared with PI MM (P = .035).
This difference was still significant when adjusting for
case-control status (B =-0.023; P =.032) and after
restricting the analysis to cases only (8 = —0.038;
P =.048). This finding was confirmed in the whole
ICGN cohort, using random effects mixed linear mod-
els. After adjusting for age, sex, height, pack-years,
and familial correlations, PI MZ was associated with
a 3.9% lower FEV /VC ratio compared with PI MM
(P=.009). The results in probands only were sug-
gestive of a similar trend, because PI MZ in probands

was associated with lower FEV,/VC ratio than PI MM
(B=-0.033; P=.066).

In the case-control study, PI MZ was also a predic-
tor of more emphysema (%ILLAA950) both in the whole
group (B =23.7%; P =.003) and in cases only (§ = 3.8%;
P =.048) after adjusting for age, sex, pack-years, and
weight (Table 3). For all case and control subjects, the
difference was still significant after adjusting for case-
control status (B = 2.5%; P =.033). The association with
emphysema on CT scan was not replicated in the
entire ICGN population. PI MZ was not associated with
airway wall thickness (SRWA-Pi10) in either study.

Results Stratified by Level of Smoking Exposure

We stratified the study populations by level of smok-
ing exposure (Table 4). In the Norway case-control
study, there was a marked difference between results
in case subjects with <20 pack-years of smoking
(low exposure) and case subjects with =20 pack-years
of smoking (high exposure). PI MZ was associated
with increased risk of COPD, lower FEV,, lower
FEV /FVC ratio, and more emphysema (%LAA950)

Table 3—Multivariate Analysis of the Association Between PI MZ and COPD-Related Phenotypes

COPD FEV,, L# FEV/(F)VC» %1AA950
\ 1 \ 1 \ 1 \ 1

Study OR (95% CI) P Value B (SE) P Value B (SE) P Value B (SE) P Value
Case-control

All Subjects 1.2 (0.7-2.0) nsb -0.11 (0.09) ns -0.035 (0.02) .035 3.7 (1.3) .003

Case subjects only -0.11 (0.09) ns -0.038 (0.02) .048 3.8(1.9) 048
ICGN

All subjects 1.5 (0.9-2.3) ns -0.09 (0.08) ns -0.039 (0.01) .009 0.4 (1.6) ns

Probands only -0.039 (0.06) ns -0.033 (0.02) 066 -0.2(2.9) ns

FEV, and FEV/(F)VC are adjusted for age,

aPost-BD.
bP =10 are not shown.
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sex, height, and pack-years. %LAA950 is adjusted for age, sex, pack-years, and weight in both studies, and for
center in ICGN. FEV/(F)VC = FEV /FVC or FEV,/VC ratios; PI = protease inhibitor. See Table 1 and 2 legends for expansion of other abbreviations.

Original Research



Table 4—The Association Between PI MZ and COPD-Related Phenotypes, Stratified by Level of Smoking Exposure

COPD FEV,, Ls FEV /(F)VC» P 1LAA9S0P
\ ] \ | | \ ]

Study OR (95% CI) P Value B (SE) P Value B (SE) P Value B (SE) P Value
Case-control, all subjects

Pack—y <20 (n=734) 4.6 (1.8-11.5) .001 -0.45 (0.14) .001 -0.08 (0.03) .001 6.4 (1.9) .001

Pack-y =20 (n=935) 0.5 (0.3-1.0) .045 0.11 (0.11) nse -0.003 (0.02) ns 2.8 (1.7) .095
ICGN, all subjects

Pack—y <20 (n =460) 1.3 (0.6-2.9) ns 0.04 (0.17) ns -0.03 (0.03) ns 7.6(1.3) <.0001

Pack—y =20 (n=2,247) 1.6 (0.9-2.9) ns -0.12 (0.10) ns -0.04 (0.02) .026 -1.2(2.0) ns

FEV, and FEV/(F)VC are adjusted for age, sex, height, and pack-years. %LAA950 is adjusted for age, sex, pack-years, and weight in both studies,
and for center in ICGN. See Table 1, 2, and 3 legends for expansion of abbreviations.

aPost-BD.

PInformation on %LAA950 was only available for 371 case-control subjects with pack-years <20, 459 case-control subjects with pack-years > 20,
141 ICGN subjects with pack-years <20, and 703 ICGN subjects with pack-years > 20.

<P =10 are not shown.

in the low-exposure group, whereas this was not the
case in the group with high exposure (Table 4). On
the contrary, PI MZ case subjects seemed to have
a lower risk of COPD in the high-exposure group.
When adding case-control status as a covariate to
the quantitative trait analysis (FEV,, FEV,/FVC, and
%LAA950), these results were no longer significant
in the low-exposure group, suggesting that the results
were largely driven by the strong association of PI
MZ with COPD in this group (7.9% of the case sub-
jects and 1.7% of the control subjects were PI MZ;
P <.001). In ICGN, PI MZ was associated with a
higher percentage emphysema (%LAA950) among
subjects with < 20 pack-years of smoking (8 = 7.6%;
P <.0001). The univariate comparisons of mean
%LAA950 between PI MM and PI MZ subjects in
both studies are shown in Figure 1.

ICGN family-based study
=¥
< p=0.01**
[=]
3
g & Norway case-control study _
3; p=0.0001*
©
£ 2
§ ns
=
=
=
w o |
[«38

MM MZ
<20 pack-years >=20 pack-years <20 pack-years  >=20 pack-years

MM MZ MM MZ MM MZ

FIGURE 1. Mean percentage of emphysema (%LAA950) in low and
high smoking exposure groups by protease inhibitor type. Error bars
represent 95% CI for the means. *P value from ¢ test. **P value
from random effects mixed-linear model accounting for familial
correlations, but without other covariates. ICGN = International
COPD Genetics Network; ns =not signjﬁcant; %LAA950 = percent
low attenuation areas < -950 Housfield units.
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When testing formally for interactions by including
a genotype-by-pack-years interaction term in the
regression models, there was a suggestive trend
for an interaction for COPD status in the Norway
case-control study (P =.087). For the other pheno-
types, the interaction term was not significant in any
population.

DISCcUSSION

We examined the associations between AAT PI MZ
heterozygosity and COPD-related phenotypes in
two large populations: a case-control study from Nor-
way and a multicenter family study from Europe and
North America. To our knowledge, this study is the
first to examine quantitative CT phenotypes in PI MZ
carriers. In both populations, PI MZ was associated
with lower FEV /(F)VC ratio compared with P MM.
In the case-control study, PI MZ also was associated
with more-severe emphysema on chest CT scan.

Our results indicate that PI MZ individuals are
slightly more susceptible to the development of air-
flow obstruction than PI MM individuals, which
is consistent with findings in some previous studies
but contrary to others. As illustrated by our previous
metaanalysis,S there have been discrepancies among
findings using different study designs. Case-control
studies often have found an increased risk of COPD
in PI MZ individuals, whereas population-based
cross-sectional studies typically have failed to show a
difference in lung function between PI MM and PI MZ
individuals. Although the metaanalysis supported a
small increase in COPD risk, it did not identify
a difference in FEV, between PI MZ and PI MM
individuals. The metaanalysis did not examine
FEV/FVC ratio or quantitative CT scan measurements.

Several large studies of lung function and PI type
have been performed. In a large Danish study of
9,187 individuals from the general population, PI MZ
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was associated with reduced lung function in those
with clinically established COPD.'> In another large
population-based study of 2,944 subjects, no differ-
ences in lung function among PI types were found.'6
The results of published longitudinal studies of
decline in lung function over time also have been
inconsistent. A general population study in Copenha-
gen, Denmark, found the annual decrease in FEV,
to be slightly greater in PI MZ individuals than in
PI MM individuals,'” but another longitudinal study
of the general population in Arizona failed to confirm
these findings.!s A 5-year follow-up of smokers in the
Lung Health Study demonstrated that rapid decline
of FEV, was associated with PI MZ, and this associa-
tion was stronger when PI MZ subjects also had a
family history of COPD."

In a family study of individuals with severe AAT
deficiency and their relatives, PI MZ relatives of
AAT-deficient subjects with COPD had lower FEV,
than PI MZ relatives of AAT-deficient subjects without
COPD .2 This finding suggests that a subset of PI MZ
individuals may have an increased risk for lung dis-
ease because of other familial factors and that other
genetic or environmental factors may contribute to
or modify the risk in PI MZ subjects.

Severe AAT deficiency is associated with early onset
of emphysema due to insufficient protection from the
action of proteases. This emphysema is most often
panlobular and usually shows basal predominance 222
PI MZ heterozygotes have reduced serum levels of
AAT (approximately 60% of PI MM levels). In addi-
tion, the Z mutation results in a protein that is a less-
efficient inhibitor of neutrophil elastase.? It is therefore
biologically plausible that an increased COPD risk
in PI MZ individuals is related to the emphysema
component of COPD.

Quantitative measurements of chest CT scan variables
were available in a subset of both study populations.
Findings in the case-control study suggested more
severe emphysema in PI MZ individuals, but these
results were not confirmed in ICGN. Because there
were few PI MZ individuals with CT scans, small
sample size may have contributed to the lack of repli-
cation. However, in subjects with relatively low smok-
ing exposure (< 20 pack-years), PI MZ was associated
with more-severe emphysema in both populations.
No differences were found for airway wall thickness
in either study.

Even though PI type is the most important deter-
minant of serum AAT level, it is likely that a combination
of several genetic and environmental factors contrib-
ute to the disease phenotype in severe AAT defi-
ciency.®* PI ZZ subjects show significant variability
in the development of lung disease,? and IL-10 has
been identified as a potential genetic modifier for air-
flow obstruction in severe AAT deficiency.® Gene-
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by-environment interactions also may modify the risk
of lung disease in PI MZ carriers.

To investigate whether the effect of PI MZ was
modified by level of smoking exposure, we stratified our
study populations into low- and high-exposure groups
(defined by an arbitrary threshold of 20 pack-years).
Individuals who develop COPD at low smoking
exposure may have a higher genetic susceptibility
and a greater genetic component to their disease than
others. Results of the Norway case-control study sug-
gest that the genetic effect of PI MZ heterozygosity
may be more important in individuals with low smok-
ing exposure. In ICGN, the same pattern was found
for emphysema, but not for the other COPD-related
phenotypes. These findings could be an indication
of increased genetic risk in the low-exposure popu-
lation, potentially mediated by a gene-by-smoking
interaction. Notably, there was a trend for a genotype-
by-smoking interaction for the outcome COPD status
in the case-control study. However, when adjusting
for case-control status in the Norway case-control
study, PI MZ was no longer significantly associated
with the quantitative traits (FEV,, FEV,/FVC, and
%LAA950) in the low-exposure group. Further research
is needed to conclude whether the effects of PI MZ
heterozygosity differ by level of smoking exposure,
preferably using a group of never smokers as refer-
ence group. The apparent protective effect of PI
MZ in the high-exposure group (OR, 0.5) in the case-
control study is not consistent with the rest of our
findings. It possibly could reflect that PI MZ individuals
quit smoking or smoke less in response to symp-
toms or disease (the “healthy smoker” effect), but it
also could represent a spurious finding.

The limitations of our study should be acknowl-
edged. Our two study samples did not represent
population-based samples; therefore, it is uncertain
whether our findings apply to the general population.
The presented results for the whole case-control
study were not adjusted for case-control status. When
adjusting for disease status in the case-control study,
the results for quantitative traits in the low smoking
exposure group (Table 4) were no longer significant,
which could relate to the highly significant associa-
tion of COPD status with PI MZ in the low-exposure
group. The importance of adjustment for case-control
status in these situations is controversial.?”2$ Even
though both the case-control study and the family
study had large sample sizes, the number of PI MZ
subjects was low, especially for the CT scan phenotype
analyses and, thus, may have resulted in low power to
detect differences between PI MM and PI MZ groups.
The possibility of spurious associations due to popu-
lation stratification cannot be excluded.?* Population
stratification is unlikely to be a problem in the relatively
homogeneous population in the Norway case-control
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study but may be relevant in the multicenter ICGN
study. Both populations consisted of current and
ex-smokers; therefore, we are unable to conclude
whether our findings are valid only for PI MZ sub-
jects with a smoking history or whether they can be
generalized to all PI MZ subjects.

When comparing PI MZ and PI MM in two inde-
pendent studies, we found lower FEV /(F)VC ratio in
PI MZ individuals in both studies. Among subjects with
a low smoking history, PI MZ individuals had more
severe emphysema on chest CT scan in both studies.
It remains uncertain whether all PI MZ individuals
have an increased risk or whether a subset is more
susceptible because of other genetic or environmental
factors. Further studies using well-characterized pop-
ulations with a larger number of PI MZ individuals,
including both smokers and nonsmokers, are likely
needed to answer this question definitively.
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